INTRODUCTION
Enzymatic photoreactivation is a nucleic acid repair mechanism in which pyrimidine dimers induced by ultraviolet (UV) irradiation of DNA are monomerized by photolyase (EC4.1.99.3), using light in the near-UV or visible region (300-500 nm) as a physical cofactor (1) . Photoreactivation repair (Phr) has been found in many organisms ranging from bacteria to vertebrates. The photolyases can be classified with respect to the action spectrum of photoreactivation into at least two groups. The first group, comprising photolyases of Escherichia coli and the yeast Saccharomyces cerevisiae, shows maximal activity at about 380 nm, whereas photolyases of the actinomycete Streptomyces griseus and the cyanobacterium Anacystis nidulans f exhibiting maximal activity at about 440 nm, belong to the second group (2) . This difference in action spectra can be attributed to different cofactors which constitute the chromophore active in absorbing of light for cleavage of the cyclobutane ring in the pyrimidine dimers.
Nucleic Acids Research
As far as known, all photolyases mentioned before contain two different chromophores. They share FAD in a reduced form which is not clearly defined, since most photolyases seem to contain both fully reduced and semiquinone (radical) FAD. The second chromophore however, which is believed to be the primary photon acceptor in the photoreactivation process, has a largely different structure for the two classes. The photolyases of
Streptomyces and Anacystis were found to contain an 8-hydroxy-5-deazaflavin (2,3), while for E.coli photolyase a pterin structure has been suggested (4).
The Phr genes of E.coli and S.cerevisiae have been cloned (5, 6) and their nucleotide sequences revealed a striking homology in the deduced amino acid sequence of the gene products (7, 8) .
Comparison of the two different types of photolyases containing different chromophores may contribute to the understanding of the enzymatic reaction mechanism as well as the evolutionary relationship between the two types of photolyases. Here we report the sequence of the Phr gene of A.nidulans, the first example of the second group.
MATERIALS AND METHODS
Anacystis strain and preparation of DNA and protein
The cyanobacterium Anacystis nidulans strain 1402-1 SAUG was used. Cells were grown in a mineral medium (9) under illumination with white fluorescent lamps. DNA was prepared by standard methods. The purification procedure of the photolyase, yielding an apparently homogeneous enzyme preparation, was outlined already (10) and characterization of the enzyme will be reported elsewhere.
Oliqodeoxynucleotides and Hybridization conditions
Six different DNA probes corresponding to different stretches in the N-terminal region of Anacystis photolyase were prepared on two DNA-synthesizers (Genet A-III, Nippon Zeon Japan and Gene Assembler, Pharmacia Sweden). We used a known protocol for hybridization experiments (11) with slight modifications.
Briefly: after prehybridization treatment of the blotting filters (prehybridization buffer: 6x SSC, lx Denhardts, 0.5% SDS, 100 yg/ml sheared and denatured calf thymus DNA , 0.05% sodium pyrophosphate) [y-32 P]-ATP labeled oligonucleotides were hybridized to the filters. At low stringency conditions hybridization was done at 40°C overnight and the filters were washed twice for 1 h and 10 min at the same temperature. KODAK XAR5 film was exposed for 4 h. For high stringency conditions only the temperature (50°C) and exposure time (22h) were changed. All washes were performed in 6x SSC with 0.05% sodium pyrophosphate.
Gene bank
Chromosomal DNA of A.nidulans was partially digested with Sau3A and the resulting 4 -lOkb-long DNA fragments were recovered from low-temperature-melting agarose (Bio-Rad USA) after separation by electrophoresis. The yeast-E-coli shuttle vector pJDB207 (12) was digested with BamHI followed by dephosphorylation using bacterial alkaline phophatase (TAKARA SHUZO Japan). The Sau^A fragments were ligated to this vector resulting in a genomic bank of Anacystis nidulans. E.coli cells (DH5a strain) were transformed with this gene bank. At least 10 independent clones were obtained and used for colony hybridization experiments.
Sequence Determination
The sequence was determined by the dideoxy method(13) as modified for M13 (14) . 7-Deaza-2'-dGTP (Boehringer W-Germany) was used instead of dGTP to resolve compression at GC-rich regions (15) .
Partly, the sequence of double stranded DNA in pUC18 plasmid was determined by using a universal as well as a reverse sequence primer (Boehringer W-Germany). In order to avoid mistakes in the sequence determination, all relevant DNA fragments were sequenced completely in both directions using deleted fragments prepared by using Bal31 enzyme (TOYOBO Japan) (see Results). aa sequences of yeast and E.coli Phr genes
The deduced aa sequences of E.coli and S.cerevisiae phr genes were obtained from the data we determined previously (7) . Since there were minor differences between our data and those published later (8), we repeated the sequence analysis of the yeast gene by the dideoxy method mentioned above at those positions where differences were found. We found mistakes in our data concerning Thr(169) (taking the 1st Met as 1), Ser(200), Gly(365), Lys(473) and Glu(521). These aa should be Ser, Asp, Glu, Glu and Gin, respectively. These mistakes were made by misreading the sequence gels as well as mistyping the determined This nucleotide bias in favor of GC in the A.nidulans Phr gene is similar to those found in other genes of this organism.
TAC ATC AAA CGT TGG CTG CCA GAA CTG CGC CAT GTC CAT CCC AAG GAC TTG ATC AGT GGG 121 Tyr He Lyt Arg Trp Leu Pro Glu Leu Arg Hla Val His Pro Lya Asp Leu He Ser Gly

GAG ATC ACG CCG ATT GAA CGC CGA GGC TAT CCT GCC CCG ATC GTG AAT CAC AAC CTG CGC Glu He Thr Pro He Glu Arg Arg Gly Tyr Pro Ala Pro Me Val Asn His Asn Leu Arg
CAG AAA CAG TTC AAG GCG CTC TAC AAC CAG CTC AAA GCG GCT ATC GCT GAA CCT GAG GCT Gin Lys Gin Phe Lys Ala Lea Tyr Asn Gin Leu Lyt Ala Ala Me Ala Glu Pro Glu
DISCUSSION
The deduced amino acid sequences of the both bacterial phr genes are more similar to each other than to yeast photo- Table 1 . Number of amino acid coincidences between three photolyases" We found that the thymidylate synthase domain of bifunctional dihydrofolate reductase-thymidylate synthase of Leishmania major (19) as well as human thymidylate synthase (20, 21, 22) have some similarity with the C-terminus of the A.nidulans photolyase (aa(381)-aa(431), see Fig.7 ). This 51 aa long sequence exhibits 41% identity. Although the extent of the similarity is not large, the indicated regions might share a common function in these proteins and will be the targets of in vitro mutagenesis in the future.
The amino acid composition of S.cerevisiae photolyase is a little different from those of bacterial origin. Bacterial photolyases contain almost three times more Ala than the yeast protein, whereas Lys and Tyr are twice more abundant in yeast than in bacterial proteins. These biased aa composition as well 
